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SUMVARY

Saccharonyces uvarumis one species of a genus which has an
extensive history of use in the fernentation and food processing
industry. S. uvarum also called S. bayanus, is referred to as a
"W ne yeast" due to their broad use in the production of w nes.

S. uvarum has a long history of safe use in production of

al cohol i c beverages and industrial ethanol. Although it is
expected to survive in the environnment, it is not expected to
cause any adverse environnental effects. Despite S. uvarum s
broad use and exposure there is no reported incidence of adverse
effects to either humans or the environnent. Wile S. uvarum has
been used industrially for years, specific strains have not been
di sti ngui shed.

I11. BACKGROUND
A. | nt roducti on

EPA recogni zes that sone m croorgani sns present a |l ow risk
when used under specific conditions at general commercial use.
Therefore, EPA is proposing expedited regulatory processes for
certain mcroorgani sns under these specific conditions at the
general commercial use stage. M croorgani smuses that woul d be
exenpt neet criteria addressing: (1) perfornmance based standards
for mnimzing the nunbers of m croorganisns emtted fromthe
manufacturing facility; (2) the introduced genetic material; and
(3) the recipient mcroorganism M croorganisns that qualify for
t hese exenptions, terned Tier | and Tier |Il, nust neet a standard
of no unreasonable risk in the exenpted use.

To evaluate the potential for unreasonable risk to human
health or the environnment in devel oping these exenptions, EPA
focuses primarily on the characteristics of the recipient
m croorganisnms. |If the recipient is shown to have little or no
potential for adverse effects, introduced genetic materi al
nmeeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be Iow, EPA is al so specifying procedures for
m ni m zi ng nunbers of organisns enmtted fromthe facility. Wen
bal anced agai nst resource savings for society and expected
product benefits, these exenptions will not present unreasonable



ri sks.

B. Criteria for Mnimzing Rel ease from Manufacturing
Facilities

The standards prescribed for the Tier | exenption require
the following: (1) the structure(s) be designed and operated to
contain the mcroorganism (2) access to the structure should be
limted to essential personnel, (3) inactivation procedures shown
to be effective in reducing the nunber of viable m croorgani sns
in liquid and solid wastes should be followed prior to disposal
of the wastes, (4) features to reduce mcrobial concentrations in
aerosol s and exhaust gases released fromthe structure should be
in place, and (5) general worker hygiene and protection practices
shoul d be fol |l owed.

1. Definition of structure. EPA considers the term
"structure" to refer to the building or vessel which effectively
surrounds and encl oses the m croorganism \Vessels may have a
variety of forms, e.g., cubic, ovoid, cylindrical, or spherical,
and may be the fernentation vessel proper or part of the
downstream product separation and purification line. Al would
performthe function of enclosing the mcroorganism |n general,
the material used in the construction of such structure(s) woul d
be i nperneable, resistant to corrosion and easy to
clean/sterilize. Seans, joints, fittings, associated process
pi ping, fasteners and other simlar elenments would be seal ed.

2. Standards to mnimze mcrobial release. EPA s
proposi ng, for several reasons, a sonewhat cautious approach in
prescribing standards for mnimzing the nunber of m croorganisns
emtted through the di sposal of waste and the venting of gases.
First, a wide range of behaviors can be displayed by
m croorgani snms nodi fied consistent wwth EPA's standards for the

i ntroduced genetic material. Second, EPA will not conduct any
revi ew what soever for Tier | exenptions. EPA believes the
requirenent to mnimze emssions wll provide a neasure of risk

reduction necessary for naking a finding of no unreasonable risk.
Taken together, EPA' s standards ensure that the nunber of
m croorgani sns emtted fromthe structure is mnimzed.

EPA' s proposed standards for mnim zing em ssion specify
that liquid and solid waste containing the m croorgani sns be
treated to give a validated decrease in viable mcrobial
popul ations so that at |east 99.9999 percent of the organi sns
resulting fromthe fernentation wll be killed. Since the
bacteria used in fernmentati on processes are usually debilitated,
either intentionally or through acclimation to industrial
fermentation, the small fraction of m croorgani snms remaining
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viabl e after inactivation treatnents will |ikely have a reduced
ability to survive during disposal or in the environnent.

Mor eover, industrial conpanies, in an attenpt to keep their
proprietary m croorgani sns fromconpetitors and to reduce the

m crobi al nunbers to those permtted by |ocal sanitation
authorities, nodify the mcroorganisns to increase the ability of
their mcroorganisnms to survive and performtheir assigned tasks
in the fermentor but decrease their ability to survive in the
envi ronnent external to the fernentor.

EPA requirenents al so address m croorgani sns in the exhaust
fromthe fernmentor and along the production line. To address
exhaust fromfernentors, EPA is proposing that the nunber of
m croorgani sns in fernentor gases be reduced by at |east two | ogs
prior to the gases being exhausted fromthe fernmentor. EPA
selected this nunber based on an estimate of the nunbers of
m croorganisns likely to be in the exhaust froman uncontroll ed
fermentor and common i ndustry practice. Mreover, m croorgani sns
that are physiologically acclimted to the growh conditions
within the fermentor are likely to be conpromsed in their
ability to survive aerosolization. EPA anticipates, therefore,
that few m croorganisns will survive the stresses of
aerosolization associated wth being exhausted in a gas fromthe
fermentor. The provision requiring reduction of m croorgani sns
in fermentor exhaust gases contributes to minimzing the nunber
of viable mcroorganisns emtted fromthe facility.

EPA is al so proposing that the requirenments specify that
ot her systens be in place to control dissem nation of
m croorgani sms by other routes. This would include progranms to
control pests such as insects or rats, since these m ght serve as
vectors for carrying mcroorgani sns out of the fernentation
facilities.

3. Worker protection. The requirenent to mnimze
m crobi al em ssions, in conjunction with the requirenment for
general worker safety and hygi ene procedures, also affords a
measure of protection for workers. Potential effects on workers
that exist with mcroorganisns in general (e.g., allergenicity)
will be present with the m croorgani sns qualifying for this
exenption. As wth other substances that humans may react to
(e.g., pollen, chemcals, dust), the type and degree of
all ergenic response is determ ned by the biology of the exposed
individual. It is unlikely that a mcroorganismnodified in
keeping wth EPA s specifications for the introduced genetic
mat eri al woul d i nduce a hei ghtened response. The general worker
hygi ene procedures specified by EPA shoul d protect nost
individuals fromthe allergenic responses associated with
m croorgani sns exhausted fromfernentors and/or other substances
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emtted al ong the production line. The EPA requirenent that
entry be limted to essential personnel also addresses this
consideration by reducing to a m nimumthe nunber of individuals
exposed.

4. Effect of containnent criteria. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption. EPA is not specifying standards for mnim zing
t he nunber of mcroorganisns emtted fromthe facility for
m croorgani sns qualifying for Tier Il exenption. Rather, the
Agency requests that submtters utilize as guidance the standards
set forth for Tier | procedures. The procedures proposed by the
submtter in a Tier Il exenption request will be reviewed by the
Agency. EPA will have the opportunity to eval uate whether the
procedures the submtter intends to inplement for reducing the
nunber of organisns emtted fromthe facility are appropriate for
t hat m croorgani sm

C. | nt roduced Genetic Material Criteria

In order to qualify for either Tier | or Tier Il exenption,
any introduced genetic material nust be limted in size, well
characterized, free of certain nucleotide sequences, and poorly
nmobi | i zabl e.

1. Limted in size. |Introduced genetic material nust be
limted in size to consist only of the followng: (1) the
structural gene(s) of interest; (2) the regulatory sequences
permtting the expression of solely the gene(s) of interest; (3)
t he associ ated nucl eoti de sequences needed to nove genetic
material, including |linkers, honopol yners, adaptors, transposons,
i nsertion sequences, and restriction enzyne sites; (4) the
nucl eoti de sequences needed for vector transfer; and (5) the
nucl eoti de sequences needed for vector nmintenance.

The limted in size criterion reduces risk by excluding the
introduction into a recipient of extraneous and potentially
uncharacterized genetic material. The requirenment that the
regul atory sequences permt the expression solely of the
structural gene(s) of interest reduces risk by preventing
expressi on of genes downstream of the inserted genetic material.
The limtation on the vector sequences that are conponents of the
i ntroduced genetic material prevents the introduction of novel
traits beyond those associated with the gene(s) of interest. The
overall result of the |imted in size criterion is inproved
ability to predict the behavior of the resulting m croorgani sm
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2. Vll characterized. For introduced genetic nmaterial,
wel | characterized neans that the foll owi ng have been determ ned:
(1) the function of all of the products expressed fromthe
structural gene(s); (2) the function of sequences that
participate in the regulation of expression of the structural
gene(s); and (3) the presence or absence of associ ated nucl eoti de
sequences.

Wel | characterized includes know edge of the function of the
i ntroduced sequences and the phenotypi c expression associ at ed
with the introduced genetic material. Genetic material which has
been exam ned at the restriction map or sequence |evel, but for
whi ch a function or phenotypic trait has not yet been ascri bed,
is not considered well characterized. WII| characterized would
i ncl ude know ng whether nultiple reading franes exist wthin the
operon. This relates to whether nore than one biol ogical product
m ght be encoded by a single sequence, and addresses the
possibility that a nodified m croorgani smcould display
unpr edi cted behavi or should such nultiple reading franmes exi st
and their action not be antici pated.

3. Free of certain sequences. In addition to inproving
the ability to predict the behavior of the nodified
m croorganism the well characterized requirenent ensures that
segnents encoding for either part or the whole of the toxins
listed in the proposed regulatory text for the TSCA bi ot echnol ogy
rule would not inadvertently be introduced into the recipient
m cr oor gani sm

These toxins are pol ypeptides of relatively high potency.
O her types of toxins (e.g., nodified am no acids, heterocyclic
conpounds, conpl ex pol ysacchari des, glycoproteins, and peptides)
are not listed for two reasons. First, their toxicity falls
within the range of noderate to | ow. Second, these types of
toxins generally arise fromthe activity of a nunber of genes in
several netabolic pathways (nultigenic).

In order for a mcroorganismto produce toxins of nultigenic
origin, a large nunber of different sequences woul d have to be
i ntroduced and appropriately expressed. It is unlikely that al
of the genetic material necessary for netabolizing nultigenic
toxi ns woul d be inadvertently introduced into a recipient
m croorgani smwhen requirenents that the genetic material be
l[imted in size and well characterized are foll owed.

Simlarly, other properties that m ght present risk concerns
result fromthe interactive expression of a |arge nunber of
genes. For exanple, pathogenic behavior is the result of a |large
nunber of genes being appropriately expressed. Because of the
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conpl ex nature of behaviors such as pathogenicity, the
probability is Iow that an insert consisting of well
characterized, limted in size genetic material could transform
t he m croorgani sns proposed for exenption into m croorgani snms
whi ch di spl ay pat hogeni ¢ behavi or.

4. Poorly nobilizable. Poorly nobilizable neans the
ability of the introduced genetic material to be transferred and
nmobilized is inactivated, with a resulting frequency of transfer
of less than 10°® transfer events per recipient. The requirenent
that the introduced genetic nmaterial be poorly nobilizable
reduces potential for transfer of introduced genetic sequences to
other mcroorganisns in the environment. Such transfers would
occur through the interaction of the introduced m croorgani sm
w t h i ndi genous m croorgani snms through conjugation, transduction,
or transformation. Through such transfers, the introduced
genetic material could be transferred to and propagated within
di fferent popul ati ons of m croorgani sns, including m croorgani sns
whi ch may never previously have been exposed to this genetic
material. It is not possible to predict how the behavi or of
t hese potential recipient mcroorganisns wll be affected after
upt ake and expression of the genetic material.

Since EPAis not limting the type of organismthat can
serve as the source for the introduced genetic material, sonme
limtation is placed on the ability of the introduced genetic
material to be transferred. This limtation mtigates risk by
significantly reducing the probability that the introduced
genetic material would be transferred to and expressed by ot her
m cr oor gani sns.

The 108 frequency is attainable given current techniques.
Plasmids with transfer rates of 108 exist or are easily
constructed. Sone of the plasm ds nost commonly enpl oyed as
vectors in genetic engineering (e.g., pBR325, pBR322) have
nmobi | i zation/transfer frequencies of 108 or |ess.

The criteria set for "poorly nobilizable" for transduction
and transformati on shoul d not prevent nost m croorganisns from
nmeeting the exenption criteria, since the magjority of transfer
frequencies reported for transduction and natural transformation
are less than 108 Higher frequencies are likely only if the
i ntroduced genetic material has been altered or selected to
enhance frequency.

Fungal gene transfer has al so been considered in devel opnent
of the poorly nobilizable criterion. Although nobile genetic
el ements such as transposons, plasm ds and doubl e stranded RNA
exist in fungi and can be readily transferred, this transfer
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usually is only possible between nenbers of the sanme species
duri ng anastonosis, a process specific to fungi. Since
anastonosis only occurs between nenbers of the sane species, the
i ntroduced genetic material would not be transferred to distantly
related fungi as may occur with bacteri a.

5. Effect of introduced genetic material criteria. The
requi renents placed on the introduced genetic material, in
concert with the level of safety associated with Saccharonyces
uvarum ensure that the resulting m croorgani sns present |ow or
negligible risk. The probability is low that the insertion of
genetic material neeting EPA' s criteria into strains of S. uvarum
wi || change their behavior so that they would acquire the
potential for causing adverse effects. Risks would be mtigated
by the four criteria placed on the introduced genetic nmaterial,
the relative safety of S. uvarum and the inactivation criteria
specified for the Tier | exenption. In the case of Tier |
exenption, risks would be mtigated in light of the four criteria
pl aced on introduced genetic material, the relative safety of S.
uvarum and EPA's review of the conditions sel ected.

D. Reci pient McroorganismCriteria

Six criteria were used by EPA to determine eligibility of
reci pient mcroorganisns for the tiered exenption.
M croor gani sms which EPA finds neet these criteria are listed as
eligible recipients. The first criteria would require that it be
possible to clearly identify and classify the m croorgani sm
Avai | abl e genotypi c and phenotypic information should allow the
m croorganismto be assigned wi thout confusion to an existing
taxon which is easily recogni zed. Second, information should be
avai l able to evaluate the relationship of the m croorganismto
any other closely related m croorgani sns which have a potenti al
for adverse effects on human health or the environnment. Third,
there should be a history of commercial use for the
m croorganism Fourth, the commercial uses should indicate that
the m croorgani sm products m ght be subject to TSCA jurisdiction.
Fifth, studies are available which indicate the potential for the
m croorgani smto cause adverse effects on human health and the
environnment. Sixth, studies are avail able which indicate the
survival characteristics of the mcroorganismin the environnent.

After each m croorgani smwas reviewed using the six
evaluation criteria, a decision was nmade as to whether to place
the mcroorganismon the list. The Agency's specific
determ nation for Saccharonyces uvarumis discussed in the next
unit.
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EVALUATI ON CF SACCHAROMYCES UVARUM
A. History of Use

1. History of safe commercial use. Saccharonyces uvarum
has a history of safe use. It is widely used in the nmaking of
beer and wine and in al cohol production and is found nost
frequently in grape nust and wine. The commercial use of the
genus Saccharonyces arose fromthe fernentation of small grains
and fruit for the production of alcoholic beverages. Schwann
coined the term"Zuckerpilz" or "sugar fungus" to describe the
smal | bodies in beer. The genus nane, Saccharonyces, was derived
fromthis term At the present tine Saccharonyces is not used
for the production of so-called specialty chemcals (e.g.,
antibiotics, culturable enzynes, etc.); however, these yeasts are
used to produce al cohol for beverages and industrial purposes.

2. Products subject to TSCA jurisdiction. EPA has not yet
received a subm ssion for use of S. uvarum under TSCA. Al coholic
beverages are reqgul ated under statutes other than TSCA, although
the use of alcohol for industrial purposes nmay fall under TSCA
jurisdiction. There are also a limted nunber of reports in the
[iterature about the production of specialty proteins.
Saccharonyces is the organi smof choice for the production of
al cohols due to its high |level of netabolic activity and its
tol erance of high al cohol concentrations. The sel ection of
species i s based upon the stock (nmedium used in the fernentation
system and the requirenent for alcoholic tolerance. Wth the
rising costs of conventional energy sources there is a shifting
to "alternative" fuels which include the generation of al cohol
from vari ous sources.

B. ldentification of the M croorgani sm

1. dassification.  Saccharonyces uvarumis, under nost
condi tions, a poorly sporogenous yeast and falls into a category
of yeasts referred to as the "wi ne yeasts" due to the broad
utility of these fungi in the production of wines. |In addition
to S. uvarum the other fungi that conprise the wine fungi are
Saccharonyces cerevisiae, the yeast used in the production of
beer, Saccharonyces chevalieri, Saccharonyces bayanus, and
Saccharonyces italicus. The wi ne yeasts are characterized by
both an ability to fernment sugars at a high rate and a high
tol erance to al cohol. S. uvarumis a well-characterized species
based on norphol ogi cal and bi ochem cal characteristics.

DNA honol ogy studi es have been enpl oyed as tools to
del i neate species within the genus but wwth conflicting results.
A hi gh degree of rel atedness was found between S. uvarum and S.
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bayanus. However, the DNA honology criteria was at odds with the
conventional systematic criteria. Despite the high degree of
honol ogy between S. uvarum and S. bayanus, the fernentation
potential of the two strains varies substantially. A
reclassification of S. uvaruminto S. bayanus has been
reproposed. Wile the reclassification would normally involve
si x previously separate species, the risk assessnent addressed

t he conponent of S. bayanus that was previously classified as S.
uvarum

2. Rel ated taxa of concern. None of these strains or other
closely rel ated species has been associated with pathogenicity
t oward humans or has been shown to have adverse effects on the
envi ronnent .

C. R sk Summary

1. Studies regarding potential for adverse effects. S.
uvarumis an organi smwhich has an extensive history of safe use.
Despite consi derabl e use of the organismin research and the
presence of S. uvarumin food, there are fewreports in the
literature of pathogenicity to humans or animals, and only in
t hose cases where the human had a debilitating condition. Tests
for the presence of factors associated with the virul ence of
yeasts (i.e., phospholipases) indicate that this organismis
nonpat hogeni c. The organi sm has not been shown to produce toxins
to humans. The only adverse effect noted in the literature is
the presence of the "killer toxins" which are active agai nst
ot her strains of Saccharonyces.

2. Studies regarding survival in the environnent. S
uvarumis ubiquitous in nature. It has been recovered froma
variety of sites under varying ecol ogical conditions. The
organismis used in a variety of industrial scenarios. S uvarum
is comonly recovered froma variety of fresh fruits
and vegetabl es, generally those fruits with high | evels of
ferment abl e sugars. However, it is not listed as the causative
agent of food spoilage for fruits and vegetabl es.

| V. BENEFI TS SUMVARY

Substantial benefits are associated with this proposed
exenption. Saccharonyces uvarumis already wi dely enployed in
general comercial uses, sone of which are subject to TSCA
reporting. The Agency believes this exenption will result in
resource savings both to EPA and industry w thout conprom sing
the Il evel of risk managenent afforded by the full 90 day review
In addition to assessing the risk of S. uvarum EPA has devel oped
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criteria limting the potential for transfer of and expression of
t oxi n sequences, and the conditions of use specified in the
exenption are net (Tier 1) or wll be reviewed by EPA to ensure
adequate risk reduction (Tier I1). EPA requirenents for

m ni m zi ng nunbers of viable m croorganisns emtted are within
standard operating procedures for the industry, and both the
procedures and the structures specified in the exenption are the
type industry uses to protect their products from contam nation.

The exenption will result in reduced reporting costs and a
decrease in delay associated with reporting requirenents. The
savi ngs in Agency resources can be directed to review ng
activities and m croorgani sns which present greater uncertainty.
Thi s exenption should also facilitate devel opnent and
manuf acturi ng of new products and the accunul ati on of useful
i nformati on.

V. RECOVIVENDATI ON AND RATI ONALE
A. Recommendat i on

Saccharonyces uvarumi s recomrended for a TSCA section
5(h)(4) tiered exenption.

B. Rati onal e

1. Risks fromuse of the recipient mcroorganismsS. uvarum
are low There is an extensive history of use of and exposure to
S. uvarumwith a very limted record of adverse effects to the
envi ronnent or human health. The current taxonony of
Saccharonyces is under revision based on the devel opnent of
alternative criteria. Data suggests that only with the ingestion
of high levels of S. uvarumor with the use of i munosuppressives
can S. uvarum colonize in the body. Even under those conditions,
there were no noted adverse effects. Releases of this
m croorganismto the environnment through fernentation uses would
not pose any significant ecol ogi cal hazards, because this
m croorganismis ubiquitous in the environnent and it is not
pat hogenic to animals or plants.

2. Use of strains of S. uvarumwhich are eligible for the
TSCA section 5(h)(4) exenption present no unreasonable risk. The
current taxonony of Saccharonyces is under revision based on the
devel opnent of alternative criteria. However, this should not
have a major effect on the risk associated wth closely rel ated
speci es. Saccharonyces, as a genus, present low risk to human
health or the environnment. As part of their eligibility for this
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TSCA section 5(h)(4) exenption, conpanies are required to certify
that they are using S. uvarum It is therefore expected that
conpanies wll have information in their files which docunents
the correct identification of their strains.

Because the recipient mcroorganismwas found to have little
potential for adverse effects, introduced genetic materi al
meeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption and will be review ng the conditions sel ected

for the Tier Il exenption. Wen bal anced agai nst resource
savings for society and expected product benefits, this exenption
wi |l not present unreasonable risks.

Attachment 1:
| NTEGRATED RI SK ASSESSMENT FOR
SACCHAROMYCES UVARUM

I NTRCDUCTI ON

Saccharonyces uvarumis one species of a genus which has an
extensive history of use in the fernentati on and food processing
industry. S. uvarum also called S. bayanus, is referred to as a
"W ne yeast" due to their broad use in the production of w nes.
Taxonom cally, S. uvarumis closely related to Saccharonyces
cerevisiae. S. cerevesiae is the used extensively in the baking
of bread and the production of beer. S. cerevisiae is the
subj ect of extensive genetic research and genom c mapping. It is
expected that research on S. cerevisiae will |lead to greater
under st andi ng and better characterization of the entire genus
including S. uvarum Despite S. uvarumi s broad use and exposure
there is no reported incidence of adverse effects to either
humans or the environnent.

Hi story of Commercial Use and Products Subject to TSCA
Jurisdiction

Saccharonyces uvarum has a history of safe use. It is
w dely used in the maki ng of beer and wine and in al cohol
production and is found nost frequently in grape nust and w ne.
The comrerci al use of the genus Saccharonyces arose fromthe
fermentation of small grains and fruit for the production of




al cohol i c beverages. Schwann coined the term "Zuckerpilz" or
"sugar fungus" to describe the small bodies in beer. The genus
name, Saccharonyces, was derived fromthis term At the present
ti me Saccharonyces is not used for the production of so-called
specialty chemcals (e.g., antibiotics, culturable enzynes,
etc.); however, these yeasts are used to produce al cohol for
beverages and industrial purposes. Alcoholic beverages are
regul ated under statutes other than TSCA, although the use of

al cohol for industrial purposes may fall under TSCA jurisdiction
(Stewart and Russell, 1985). There are also a |limted nunber of
reports in the literature about the production of specialty
proteins (El-Refai et al., 1985).

Saccharonyces is the organi smof choice for the production
of alcohols due to its high level of nmetabolic activity and its
tol erance of hi gh al cohol concentrations. The selection of
species i s based upon the stock (nmedium used in the fernentation
system and the requirenent for alcoholic tolerance. Wth the
rising costs of conventional energy sources there is a shifting
to "alternative" fuels which include the generation of alcohol
fromvarious sources (Stewart and Russell, 1985).

1. | DENTI FI CATI ON AND CLASSI FI CATI ON
A.  Taxonony and Characterization

Saccharonyces uvarumis, under nost conditions, a poorly
spor ogenous yeast nost commonly used in the production of
al cohol i c beverages and vitam n assays. This organismfalls into
the category of yeasts referred to as the "wi ne yeasts" due to
the broad utility of these fungi in the production of wines. In
addition to S. uvarum the other fungi that conprise the w ne
fungi are Saccharonyces cerevisiae, the yeast used in the
production of beer, Saccharonyces chevalieri, Saccharonyces
bayanus, and Saccharonyces italicus (Rosini et al., 1982). The
W ne yeasts are characterized by both an ability to fernent
sugars at a high rate and a high tolerance to alcohol. S. uvarum
is a well-characterized speci es based on norphol ogi cal and
bi ochem cal characteristics.

Mor phol ogi cal l y, S. uvarum has been descri bed as spheroi dal,
ovoid, ellipsoidal, cylindrical or elongate in shape. There are
al so sone filanentous forns. The nonfilanmentous fornms can occur
singularly, in pairs, or clusters. Strains of this species have
been determ ned by the size of the individual cells.

Beyond the use of norphological criteria for taxonony,
scientists have historically applied the use of fernentation of
sel ective sugars as criteria for speciation. However, the
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relative facility with which Saccharonyces spp. changes its
fermentation patterns limts the utility of sugar netabolismas a
criterion for speciation.

DNA honol ogy studi es have been enpl oyed as tools to
del i neate species within the genus but wth conflicting results.
Rosini et al. (1982) tested over 1,000 strains of yeast
(classified as S. cerevisiae, S. uvarum S. italicus, S. bayanus,
and S. chevalieri) for DNA honol ogy enpl oyi ng both reassoci ation
and DNA conposition. They found a high degree of rel atedness
between S. uvarum and S. bayanus. However, the DNA honvol ogy
criteria was at odds with the conventional systematic criteria.
The authors noted that despite the high degree of honol ogy
between S. uvarum and S. bayanus, the fernmentation potential of
the two strains varied substantially.

Despite the di screpancy between the phenotypic traits and
genotype, there appears to be a weight of data that supports the
inclusion of S. bayanus with S. uvarum Martini and Kurtzman
(1985) have presented what appears to be the definitive
cl assification on Saccharonyces spp. They have noted the
shortcom ngs of the current classification systemand characters
enpl oyed and recomended t he use of DNA honol ogy studies to
devel op the new schene. The authors have proposed a
reclassification of S. uvaruminto S. bayanus. However, none of
t hese organi sns or other closely rel ated speci es has been
associ ated with pathogenicity toward humans or has been shown to
have adverse effects on the environnent.

B. Related Species of Concern

None of the above strains or other closely rel ated species
has been associated with pathogenicity toward humans or has been
shown to have adverse effects on the environnent.
I, HAZARD ASSESSMENT

A Human Heal th Hazar ds

1. Col oni zati on and Pat hogenicity

S. uvarum has been used for a variety of purposes throughout
hi story, predom nantly for the processing of food. This history
of use is noted by Stewart and Russell (1985) who renarked "No
ot her group of m croorgani sns has been nore intinmtely associ ated
with the progress and well-being of the human race than
Saccharonyces cerevisiae and its closely rel ated species".
Saccharonyces uvarum has been used extensively in the production
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of beer and other foodstuffs, and for the production of ethanol.
This | egacy provides a history of long use. Wthin this record,
there are no reported incidences of adverse effects to humans
fromS. uvarum This experience is consistent not only with S.
uvarum but also with those species that are proposed to conprise
t he new genus S. bayanus.

The history of use of S. uvarum extends through severa
scenari os of exposure. Industrial application, particularly in
the earlier periods of use, involved substantial human exposure
both in the production facility and the research environnent.
Presently, the consunption of yeast (generic application) is a
common source of vitamns. While the condition of "data |inking
the organismto di sease" can be taken as an excul patory evi dence
for pathogenicity, a history of significant exposure with
i nci dence of disease in a nondebilitated condition contributes to
a history of safe use.

2. Pat hogenicity of closely related species for
Hunmans

Closely rel ated species al so have a history of extensive use
wi t hout significant incidence of disease. The nost intensely
studi ed of those species closely related to S. uvarum (bayanus)
is S. cerevisiae. S. cerevisiae is not considered a pathogenic
m croorgani sm but has rarely been reported as a cause of
opportunistic infections. Eng et al. (1984) described five cases
of such infections and reviewed the literature on eight other S.
cervisiae infections (also briefly reviewed by Wal sh and Pi zzo,
1988). Al of the patients had underlying di sease. Sone of them
had al so received antibiotic therapy, thereby suppressing nornma
bacterial flora and allow ng nmycotic organisns to becone
est abl i shed.

A low concern for the pathogenicity of S. cerevisiae is al so
illustrated by a series of surveys conducted at hospitals over
the | ast several years. S. cerevisiae accounted for |less than 1%
of all yeast infections isolated at a cancer hospital and in nost
of the cases the organismwas isolated fromthe respiratory
system (Kiehn et al., 1980). At Yal e-New Haven Hospital over the
past five years, there have been 50 isolates of S. cerevisiae
recovered frompatients; however, nost of the isolates were
consi dered contam nants (Dynamac, 1991).

3. Toxin Production

There were no reports found in the literature that indicate
that S. uvarum produces toxins to humans or ani mals.
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4. Measure of the Degree of Virul ence

Al though information is not avail able on the potenti al
virulence of S. uvarum there is information available on the
closely related S. cerevisiae. A nunber of individual virulence
factors have been identified as being associated with the ability

of yeasts to cause di sease. The principal virulence factors
associated with yeasts appear to be phospholipase A and
| ysophosphol i pase. It is believed that these enzynes enhance the

ability of the yeast to adhere to the cell-wall surface and
result in colonization as a first step in the infectious process.
Nonpat hogeni ¢ yeast had consi derably | ower phospholipase
activities. O a wide range of fungi assayed for phospholi pase
production, S. cerevisiae was found to have the | owest |evel of
activity (Barrett-Bee et al., 1985). Therefore, based on the
phosphol i pase virul ence factor S. cerevisiae is considered a
nonpat hogeni ¢ yeast.

A second factor associated with virulence in yeast is the
ability of a fungus to inpair the host's imune capabilities. The
cell walls of nbst fungi have the capacity to inpede the
i mmune response of the host. |In a study that determ ned the
overal |l pathogenicity of a nunber of yeasts used in industrial
processes ani mals exposed to both high levels of S. cerevisi ae,
and cortisone denonstrated a greater ability of the fungus to
col oni ze conpared with those animals treated with only the yeast.
However, the animals suffered no ill-effects fromthe
introduction of S. cerevisiae, (Holzschu et al., 1979).

Therefore, this study suggests that even with the addition of
hi gh | evel s of an i muosuppresive agent, S. cerevisiae appears to
be nonpat hogeni c.

5. Concl usi ons

There is no information in the literature associating S.
uvarum wi t h pat hogenicity in humans. Al though the absence of
data on the potential pathogenicity of an organismusually
cannot serve as confirmation of lack of toxicity, the | egacy of
use and continuous exposure, both through anbi ent exposure and
i ndustrial contact, contribute to an extensive history of safe
use. There is much nore information available on the rel ated
species S. cerevisiae due to its nore widespread use. Even with
this organism reported incidences of infection are extrenely
rare and invariably in individuals with existing debilitating
conditions. The body of evidence clearly indicates that the S.
uvarum conponent of S. bayanis woul d not be expected to produce
di sease states with industrial application as long as no traits
t hat woul d enhance the infectivity, ability to col onize, and
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virul ence or toxin producing capability of organismare
i nt roduced.

S. uvarum has been used extensively for a great many years
for maki ng beer and w ne and for al cohol production under
conditions which at tinmes nust have resulted in considerable
human exposure with no recorded i nstances of col onization or
infection. Nor has it been reported to cause di sease in aninals.

Since S. uvarum has no reported history of pathogenicity
during its long and extensive use, and its closely related
speci es have but very |ow reported instances of infection, ful
exenption status is recommended.

B. Envi ronnment al Hazards

S. uvarum has been isolated from such natural sites as
honey, phyll osphere, on the surfaces and inside rotten fruit, and
in fruit juice. Despite the ubiquity of S. uvarumin nature
there are no reports in the literature indicating that the
organismis pathogenic to animls, plants or other
m croorgani snms. Furthernore, there are no reports of this
organi sm produci ng toxi ns against aninmals or plants.

| V. EXPOSURE ASSESSMENT
A Wor ker Exposure

S. uvarumis considered a Class 1 Contai nnent Agent under
the National Institute of Health (NIH) Cuidelines for Reconbi nant
DNA Mol ecul es (U. S. Departnent of Health and Human Servi ces,
1986) .

No data were avail able for assessing the rel ease and
survival specifically for fernentation facilities using S
uvarum Therefore, the potential worker exposures and routine
rel eases to the environnment froml arge-scal e, conventional
fermentati on processes were estimated on information avail abl e
from ei ght premanufacture notices submtted to EPA under TSCA
Section 5 and from published infornmation collected from non-
engi neered m croorgani sns (Reilly, 1991). These val ues are based
on reasonabl e worst-case scenarios and typical ranges or val ues
are given for conparison

During fernmentation processes, worker exposure is possible
during | aboratory pipetting, inocul ation, sanpling, harvesting,
extraction, processing and decontam nati on procedures. A typical
site enploys |l ess than 10 workers/shift and operates 24 hours/day
t hroughout the year. N OSH has conducted wal k-t hrough surveys of
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several fernentation facilities in the enzyne industry and
monitored for mcrobial air contam nation. These particul ar
facilities were not using reconbi nant m croorgani snms, but the
processes were considered typical of fernentation process

technol ogy. Area sanples were taken in | ocations where the
potential for worker exposure was considered to be potentially
greatest, ie. near the fernentor, the seed fernentor, sanpling
ports, and separation processes (either filter press or rotary
drumfilter). The workers with the highest potential average
exposures at the three facilities visited were those involved in
air sanpling. Area sanples near the sanpling port reveal ed
average airborne concentrations ranging from350 to 648 cfu/nt.
Typically, the Chem cal Engi neering Branch would not use area
monitoring data to estimate occupati onal exposure |evels since
the correlation between area concentrati ons and worker exposure
is highly uncertain. Personal sanpling data are not avail abl e at
the present tine. Thus, area sanpling data have been the only
means of assessing exposures for previous PM bi ot echnol ogy

subm ssions. Assum ng that 20 sanples per day are drawn and t hat
each sanple takes up to 5 mnutes to collect, the duration of
exposure for a single worker will be about 1.5 hours/day.
Assumi ng that the concentration of m croorganisns in the worker's
breat hi ng zone is equivalent to the levels found in the area
sanpling, the worst-case daily inhal ation exposure is estimted
to range up to 650 to 1200 cfu/day. The uncertainty associ ated
with this estinmated exposure value is not known (Reilly, 1991).

B. Envi ronmental and General Exposure

1. Fate of the Organi sm

S. uvarumis a normal inhabitant of soils and the surfaces
of plants. S. uvarumis capable of utilizing a diverse group of
substrates as carbon and nitrogen sources. The nutritional
characteristics, along with the ability to produce ascospores,

enhances the ability of the organismto survive in nature. to
take up a wide variety of sugars and am no acids (Versar, 1992).
2. Rel eases

Esti mates of the nunber of S. uvarum organi sns rel eased per
production batch are tabulated in Table 1. The mnimally
control |l ed scenario assunes no treatnment of the fernmentor off-gas
and assunes 100-fold (2 log) reduction of the naxi mum cel
density of the fernmentation broth resulting frominactivation
(Reilly, 1991). The containnment criteria required for the ful
exenption scenario assune the use of in-line filters to treat
vent gases and a 99% renoval efficiency under normal operating
conditions. They also assune an overall 6-1og reduction relative



18

to the maxi mum cell density of the fernmentation broth resulting
frominactivation steps (Reilly, 1991).

TABLE 1. Estinmated Nunber of Viable Saccharonyces uvarum
Organi sns Per Production Batch

Mnimally Ful
Rel ease Medi a Controll ed Exenpti on Rel ease
(cfu/ day) (cfu/day) (days/ year)
Air Vents 2x108 - 1x10% 2x10° - 1x10° 350
Rotary Drum Filter 250 250 350
Surface Water 7x10%? 7x108 90
Soi | / Landfil | 7x10% 7x10%° 90

Source: Reilly, 1991
3. Al r

VWiile there is no specific information on the survival of S
uvarumin the atnosphere, the organisnms ability to form
ascospores suggests that survival rates would be very good.

Envi ronnent al exposure would occur as the organisns drift to
earth and take up residence in the soil. Human exposure is
expected to be |low, since the nunbers of organisns rel eased would
be quickly diluted in the atnosphere (Versar, 1992).

4. Wat er

S. uvarumrel eased to water woul d be expected to survive
publicly owned treatnent works (POTW treatnent and di scharge.
Surface water concentrations of organisnms were estinmated using
the 10% and 50% fl ow val ues for SIC Code 2082 to 2085 (Malt
beverages, w nes, brandy, brandy spirits, distilled and bl ended
[iquors) that release to surface water. The SIC code fl ow was
estimated using 128 indirect (facilities that send their waste to
a POTW and direct (facilities that have an NPDES permt to
di scharge to surface water) dischargers. Discharger data were
extracted fromthe IFD (I ndustrial Facilities D schargers)
dat abase and surface water flow data were taken fromthe RXGAGE
dat abase, nmintained by the EPA. These data, which were
partitioned into percentile rankings and flows for the 10th
percentile (small river) and 50th (average river), were extracted
and used for the exposure calculations. Flowis expressed in
MIllions of Liters/Day (M.D). Mean Flow is the average fl ow
value, and 7Q10 flowis the | owest flow observed over 7
consecutive days during a 10 year period. Concentrations of
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m croorgani snms in surface water are cal culated for both the
mnimally controlled and the full exenption scenarios (LaVeck,
1991).

TABLE 2. Saccharomyces uvarum Concentrati ons
i n Surface \Water

Recei vi ng
Fl ow St ream Fl ow Organi sns
(M.D*) (cfull)
Mean Q710 Mean Q710

Mnimally Controlled

10th Percentile 141 5.11 5. 0x104 1. 4x10°

50th Percentile 2535 186 2.8x10° 3. 8x10%
Ful | Exenption

10th Percentile 141 5.11 5. 0x10° 1. 4x10?

50th Percentile 2535 186 2.8x10" 3. 8x10°

*MD = mllion liters per day
Source: Versar, 1992

w

Since soil is a natural habitat for S. uvarum it would be
expected to survive well in soil. These releases could result in
human and environnental exposure (Versar, 1992). However, it is
anticipated that industrial strains which have adapted to well -
defined nedia would be | ess conpetitive than the original wld-
type strain (Sayre, 1992).

V. | NTEGRATED Rl SK ASSESSIVENT
A. Di scussi on

There is an extensive history of use of and exposure to S.
uvarumw th no record of adverse effects to the environnent or
human heal th. Yeast has been used for centuries as a | eavening
for bread and fermenter of beer w thout records of virul ence.

S. uvarumis not a plant or animal pathogen. Although it
has been used extensively in the fernentation and food processing
i ndustry, S. uvarum has not been found to be associated with
di sease conditions in plants or ani mals.
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There is the likelihood that the taxonony of S. uvarumwl|
be nodified in the future. The problemw th taxonony is not
considered a risk issue. There are no closely rel ated yeasts
whi ch pose a human or ecol ogi cal hazard. Wrker and non-
occupati onal human exposures are not expected to be substanti al
based on contai nnent requirenments for Biosafety Level 1 required
by NI H guidelines. The requirenents for containnent for
exenption are expected to further dimnish exposure.

B. Recommendati on

Despite the lack of taxonomic clarity of S. uvarum concerns
for ecol ogical and human health risks are low. Therefore, it is
recomended that this organi smbe granted exenption for cl osed
systens applications in which requisite criteria are applied.
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